Introduction
Peroxynitrite is a relatively long-lived and highly reactive species that can be produced in vivo. Activated macrophages, neutrophils, and endothelial cells are able to release simultaneously nitric oxide (·NO) and superoxide (O2· -), which then interact to form the peroxynitrite anion (ONOO -). 1 It is usually thought to be involved in the action of many toxins and several human diseases. 2 When peroxynitrite is generated in vivo, its reaction with key cellular organelles can result in irreversible oxidative damage.
For example, when mitochondria react with peroxynitrite, a significant inactivation of electron carriers occurs. 3 Thus, the determination of peroxynitrite is of considerable importance in environmental and clinical biochemistry. Peroxynitrite is not a free radical, because the unpaired electrons from superoxide and nitric oxide combine to form a new bond (O=N-O-O -). Peroxynitrite anion is stable in an alkaline medium. 1 Methods developed for the determination of peroxynitrite include UV-visible spectroscopy, 4 gas chromatography-mass spectroscopy, spectrofluorimetric, 5, 6 chemiluminescence, 7-9 and others. 10 Spectrofluormetric assay is one of the promising methods for a highly sensitive determination of peroxynitrite, and numerous reagents have been reported as fluorogenic substrates; for example, dihydrorhodamine 123 (DHR 123) and 2′,7′-dichlorodihydrofluorescein diacetate (DCFH). 5, 6 However, working solutions of these reagents must be stored in nitrogenpurged vials protected from light at low temperature, which has caused much discommodiousness during operation. Generally, a high fluorescence intensity of the oxidation product as well as a low blank fluorescence is essential for the substrate. Moreover, an inexpensive material is desirable. From this point of view, thiamine hydrochloride might be an ideal fluorogenic substrate for the determination of peroxynitrite.
Hemoglobin (Hb), a necessary vehicle for oxygen carriage, has a natural quaternary structure. It contains four subunits of polypeptide, and each polypeptide chain contains a heme group that serves as the active center. It is now well-established that hemoglobin is an ideal substitute for horseradish peroxidase (HRP) as a peroxidase. It was successfully applied as a mimetic enzyme in our pervious work, i.e., in enzymatic determinations of hydrogen peroxide. [11] [12] [13] [14] We expect Hb to also be an excellent catalyst for catalyzing a reaction between thiamine hydrochloride and peroxynitrite anion (ONOO -). In the present work, a new fluorimetry for the determination of ONOO -with Hb as a catalyst is described.
Experimental

Reagents and apparatus
The fluorimetric detection was performed on a LS55 luminescence spectrometer (Perkin-Elmer).
A pHS-3C precision pH meter (Shanghai, China) was used to measure the pH values. A 1.0 × 10 -4 mol L -1 hemoglobin (bovine erythrocytes) solution was prepared by dissolving a certain amount of Hb (Shanghai Institute of Biochem., Shanghai, China) in doubledistilled water. A stock solution of thiamine hydrochloride was prepared at a 10 mg ml -1 concentration with water. The solution was stable for weeks when refrigerated at 0 -4˚C; working solutions of lower concentrations were prepard daily by dilution with water. A 0.1 mol L -1 glycin-NaCl-NaOH buffer was used from pH 11.0 to 13.0; 0.20 mol L -1 Tris-HCl buffer solutions (pH 8.5) were prepared. Superoxide dismutase (SOD, 3000 U mL -1 ) was purchased from Sigma. A 0.10 mol L -1 dimethyl sulfoxide (DMSO) solution was prepared. Distilled, deionized water was used throughout. All of the solutions were stored in a refrigerator (4˚C).
Peroxynitrite preparation
A 25 ml solution containing 2.0 g of sodium nitrite of analytical reagent purity was added with 25 ml of distilled water containing 1.5 ml of 35% hydrogen peroxide and 2.0 ml of 96% sulfuric acid. The resulting mixture was promptly poured into 50 ml of an aqueous solution containing 2. 
Fluorimetric measurement
To a set of 10 ml volumetric tubes contining 40 µl 1.0 × 10 -4 mol L -1 Hb, 40 µl 10 mg ml -1 thiamine hydrochloride and various volumes of an ONOO -working solution and 6 ml of 0.1 mol L -1 glycin-NaCl-NaOH were added consecutively. The mixtures were diluted to the mark with water and kept from light at room temperature.
Fluorimetric detection was performed on a LS55 luminescence spectrometer (PerkinElmer). The intensity of the emitted fluorescence (λex/λem = 369/447 nm) was measured. The excitation slit width and the emission slit width were set at 15 nm and 2.5 nm, respectively.
Results and Discussion
Fluorescence spectral characteristics
The fluorescence spectra of TM and its oxidized product with ONOO -are shown in Fig. 1 . The native fluorescence of TM was very low within the emission band of TC. However, the fluorescence was greatly enhanced by the addition of an ONOO -solution. The maximum excitation and emission wavelengths were at 369 and 447 nm, respectively. This demonstrated that Hb was able to catalyze the reaction between TM and ONOO -.
Reaction mechanism of thiamine with ONOO -
The oxidation of thiamine (TM) to fluorescent thiochrome (TC) was always accompanied by the simultaneous formation of non-fluorescent thiamine disulfide (TDS), a condensation product of two thiamine molecules. The ratio of TC to TDS is affected by the pH, solvent, and oxidizing agent. 15 Reports show that in the oxidation of thiamine by H2O2 under a catalysis of HRP, 16 FeTSPc led to a high yield of TC. 17 Similarly, as a mimetic enzyme of HRP, Hb can also catalyze the oxidation of TM by ONOO -to produce TC in a basic medium with a high yield. The possible pathways and intermediates that had been previously identified to be important above pH 11 in aqueous solutions are illustrated in Fig. 2 .
Optimization of experimental conditions
In order to optimize the experimental conditions, a series of experiments was performed by changing each parameter in turn, while keeping the others unchanged. The variable and ranges studied, and the consequent recommended values, are summarized in Table 1 . Therefore, 4.0 µg ml -1 TM, 4.0 × 10 -7 mol L -1 Hb, and a pH 12.7 of glycin-NaCl-NaOH buffer were chosen for subsequent experiments.
Kinetic behavior of the reactions
The kinetic curve of the reactions in the presence of ONOO -was studied, which can be seen in Fig. 3 . In basic cases, the final fluorescence reached its plateau after 18 min; therefore, an 18-min reaction time was selected in the experiment. The catalytic reaction was also temperature-dependent. It was found in experiments that the net flurescence intensity was constant in the range of 15 -35˚C. Thus, room temperature was recommended for the reaction.
Analytical characteristics of the method
Under the optimal conditions, a linear calibration graph was obtained over the ONOO -concentration range 4.95 × 10 -7 -2.97 × 10 -5 mol L -1 . The linear response can be fitted to the equation y = -4.62556 + 102.23159x (r = 0.9993, n = 9). The detection limit was 9.78 × 10 -9 , calculated according to the 3σ criterion mol L -1 . The relative standard deviation was 4.15% (n = 9) for 2.11 × 10 -6 mol L -1 of ONOO -.
Interference studies
A foreign ion was considered not to interfere if the relative error that caused was less than ±5%. The effect of foreign substances was evaluated by analyzing a standard solution of ONOO -(4.95 × 10 -6 mol L -1 ) in which interference species were added. The results demonstrated that K + , Na + and Cl -did not interfere until the concentration was 1000-times in excess over ONOO -; Mn 2+ and Cu 2+ interfered at a very low concentration. Hydroxyl radical (·OH) and H2O2 were also found to interfere with the determination.
In this work, a novel spectrofluorometric for the determination of peroxynitrite using hemoglobin as a catalyst is described. The results show that the above system can be a potential candidate for the practical use of peroxynitrite determination with high sensitivity, simplicity and speed. 
